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AICE Facility proposal at PX46

Proposal : 140 m vertical atom interferometer infrastructure for Dark Matter and Fundamental Physics
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Principle of atom interferometry

Cold atoms (Sr)

Two internal states. Coherent transition driven by the laser (Rabi oscillation)

Beamsplitter : |a⟩ → |a⟩√
2
+ |b⟩√

2
. Momentum exchange : recoil velocity (≃cm/s).
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Principle of atom interferometry

Phase shift

Atoms : internal energy + motional energy

Laser : ω0t + ω0

2c γt
2

∆Φ = 0 + ω0

2c (g − γ)T 2 Quantum gravimeter
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Determination of the fine structure constant α in Paris

α2 = 2R∞
c

Ar(Rb)
Ar(e)

h
mRb

. Determination of the recoil velocity ( ℏk
mRb

). Doppler effect
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Determination of α at 8× 10−11
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Gradiometer configuration

Differential configuration Gravitational waves in the mid-frequency
band :
∆ϕ(t) = 2keffhL sin

2
(
ωT
2

)
sin(ϕ0)

ω is the frequency of the wave
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Ultra Light Dark Matter

Atoms in a scalar ULDM field

Photon (de) and electron (dme ) coupling : Lϕ ⊃ ϕ(t, x)
√
4πGN

[
de
4e2

FµνF
µν − dmemeψeψe

]
.

Time-varying electron mass and fine structure constant → Time-varying transition
frequency : ωA(t, x) ≃ ωA +∆ωA(t, x) with ∆ωA(t, x) ∝ ϕ(t, x)

Imbalance between the two interferome-
ters

∆Φ ≃ 4∆ωAn∆z sin
2(mϕT/2)

with
∆ωA = ωA

√
4πGN [dme + (2 + ξA)de ]

√
2ρDM

mϕ

PRD 105, 023006 (2022)
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Scalar ULDM bounds
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Installation at CERN

CERN uniquely combines the
mature site, host capabil-
ity and LS3 window needed
to realise Europe’s immediate
100 m step on the required
timescale.
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Cost estimate
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The AICE project

Coordination :

Project Leader : Oliver Buchmueller (Imperial College)
Cold Atom Coordinator : Richard Hobson (Imperial College)
Laser Coordinator : Eduardo Granados (CERN)
Technical Coordinator : Sergio Calatroni (CERN)
National representative : France (Andrea Bertoldi, LP2N/IOGS; PC, LKB/CNRS), Germany
(Dennis Schlippert, IQO/Hannover; Ben Stickler, Ulm)

More on the project :

Technical Proposal for the AICE Facility : arXiv:2608.18743
AICE Community Workshop 2026, https://indico.cern.ch/event/1687915/
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